Pseudomonas aeruginosa (PA) responsible for acute and chronic infections often forms a well-organized bacterial population with different microbial species including commensal strains of Escherichia coli. Bacterial extracellular components of mixed culture can modulate the influence of bacteria on the neutrophil functions. The objective of this study was to compare the effect of pyocyanin, pyoverdine, LPS, exopolysaccharide of single species and mixed culture supernatants of PA strains and E. coli K12 on microbicidal, secretory activity of human neutrophils in vitro. Bacterial components of E. coli K12 in mixed supernatants with 'biofilm' PA strains (PA ATCC, PA BALG) enhanced short-term microbicidal mechanisms and inhibited neutrophil secretion delayed in time. The influence of 'planktonic' PA (PA 9-3) exometabolites in mixed culture is almost mimicked by E. coli K12 effect on functional neutrophil changes. This investigation may help to understand some of the mechanisms of neutrophil response to mixed infections of different PA with other bacteria species.
INTRODUCTION
Pseudomonas aeruginosa (PA) is known to be highly adaptable and to have diverse phenotypic characteristics (predominant biofilm or planktonic form of existence), which enable it to inhabit various environmental conditions and interact with other bacteria. As opportunistic pathogen, PA is capable of forming a well-organized bacterial population with different species of microorganisms including in the form of biofilms during host infection (Magalhães et al. 2016) . PA and Escherichia coli are frequently isolated from patients with cystitis, catheter-associated urinary tract infection, burn wound process (PA: 11.9%-17.3%; E. coli: 4.4%-6.3%), chronic venous leg ulcers (PA: 52.2%; E. coli: 32.6%), skin and soft tissue infection (PA: 8.2%-23.8%; E. coli: 6.8%-22.8%), pneumonia (PA: 21.6%-34.7%; E. coli: 4.6%-12.0%) and keratitis (Moet 2007; Mittal et al. 2009a; DiMuzio et al. 2014; Abbouda, Abicca and Alio 2016; Flamm et al. 2016) . These two species can be found as biofilms on abiotic surfaces of medical devices, and possibly on catheter or in ventilated systems (Donlan 2001) . The E. coli strains do not always belong to pathogenic groups (Starcic Erjavec et al. 2010; Kazemnia, Ahmadi and Dilmaghani 2014; Chakraborty et al. 2015) .
Neutrophils as the primary defenders of the innate immune system are under the influence of infectious agents and their exometabolites in the inflamed site. Virulence of PA is multifactorial and has been attributed to cell-associated factors such as lipopolysaccharide (LPS) or secretory virulence factors such as protease, elastase, pyocyanin (PCN), exotoxin A, type three secretion system (T3SS), hemolysins (rhamnolipids and phospholipases) and siderophores (pyoverdine) (Gellatly and Hancock 2013) . Recent studies have shown that purified bacterial extracellular factors of PA or E. coli have different or even opposite influence on the neutrophil functions. It is found that PCN has proapoptotic effect on neutrophils, reduces their number and changes their functional activity (Usher et al. 2002; Rada and Leto 2013; Priyaja et al. 2016) . The exopolysaccharide (EPS) Psl of PA, involved in biofilm formation, inhibits complement-mediated opsonization of bacteria, and reduces the production of reactive oxygen species and phagocytic function of neutrophils (Mishra et al. 2012) . Additionally, supernatants of PA diminish the viability of neutrophils (Ramos et al. 2010) . LPS contained in bacterial supernatants inhibits neutrophil apoptosis (Usher et al. 2002; Haute et al. 2015) . Neutrophil gene expression of interleukin (IL)-8 and tumor necrosis factor alpha (TNF)-α reduces upon activation by E. coli LPS (Revelo and Waldron 2012) . It is shown that high concentration of PCN in the supernatants of PA (100 μM) abolishes the antiapoptotic influence of LPS (100 ng/ml) (Usher et al. 2002) . However, supernatants from single species PA culture were used in the latter reports. Commensal E. coli strains and their exoproducts can differently affect immune cells (Franchi et al. 2012) and other human cells in infected biotope (McDermott et al. 2013) in comparison to PA one, so inflamed outcome may be different in mixed infection.
The level of pathogenicity factors production varies in coculture of reference PA with E. coli and their mixed supernatants do not have cytolytic effect on neutrophils but increase intracellular reactive oxygen species (ROS) production (Kuznetsova et al. 2015) . Nevertheless, clinical PA strains with predominant biofilm or planktonic form of existence have different ratios of bacterial products and regulatory molecules (Kuznetsova et al. 2013; Khare and Tavazoie 2015) . We hypothesize that the effect of the bacteria supernatants of mixed cultures of clinical PA with commensal strain E. coli will have a different impact on neutrophil function that will determine the outcome of inflammation. Hence, the objective of this study was to evaluate the effect of PCN, pyoverdine, LPS, EPS, autoinducer (AI)-2 of mixed culture supernatants of clinical PA strains and E. coli on microbial killing, reactive oxygen species production, myeloperoxidase (MPO), cathepsin G, IL-1β, IL-6, TNF-α secretion and apoptosis of neutrophils in vitro.
MATERIALS AND METHODS

Ethics statement
The Ethical Committees at Institute of Ecology and Genetics of Microorganisms, the Ural Branch of the Russian Academy of Sciences (Russia, Perm) have approved these studies. Healthy human volunteers provided written informed consent for blood donation.
Isolation of human neutrophils
Peripheral heparinized blood was collected by venipuncture from healthy adult volunteers according to Aguado et al. (1980) . Briefly, neutrophils were separated using double gradient FikollUrografin (1.077 and 1.112 g/ml −1 ) centrifugation at 400 × g. Cell purity and viability of neutrophils were 97% (Trypan Blue assay).
Bacterial strains and media
Clinical PA isolates BALG with predominant biofilm form of existence ('biofilm' strain) and PA 9-3 with predominant planktonic form of existence ('planktonic' strain) were isolated in hospitals (Perm, Russia) and are in the strain collection at Perm State Medical University. Specific belonging of clinical isolates was confirmed by PCR analysis of the 16S rRNA gene according to the method by Spilker et al. (2004) . Reference strain PA ATCC 27853 ('biofilm' strain) (F-51) (NCDC, USA) and commensal E. coli K12 TG1 (pF1) were used. Escherichia coli K12 TG1 (pXen7) with full lux-operon of Photorhabdus luminescens (Danilov et al. 2002) was used in microbial killing assay; E. coli K12 laboratory strain was used for neutrophil stimulation in chemiluminescence assay.
Bacterial growth and supernatant preparation
Single species culture contained 100 μl (1 × 10 6 cfu ml −1 ) of analyzed strain and 100 μl of Luria-Bertani broth (LB) (Sigma, USA). Mixed cultures comprised 100 μl (1 × 10 6 cfu ml −1 ) of PA (PA ATCC, PA BALG, PA 9-3) and 100 μl (1 × 10 6 cfu ml −1 ) of E. coli K12 TG1. To count cfu, the single species and mixed cultures were serially diluted 10-fold after 10-h incubation, plated onto Kings' A agar for PA (Sigma), and MacConkey agar (Sigma) with 50 μg/ml of ampicillin for E. coli. Total viable cell counts were determined. Bacteria-free supernatants were obtained by filtration through 0.22-μm filter (Merck Millipore Ltd, IRL) after 10-h static growth in LB in 96-well microtiter plates at 37
• C. The cell-free supernatants were either used immediately or stored frozen at -20
• C.
The composition of bacterial supernatant
The amount of PCN was measured in 100 μl of the single species or mixed culture supernatants at 695 nm by a microplate reader (Synergy H1, BioTek, USA) (Deziel, Comeau and Villemur 2001) . PCN from P. aeruginosa (N-methylphenazin-1-one ≥98%, Sigma, Israel) in LB medium was used for calibration curve.
Pyoverdine concentration was quantified in 100 μl of supernatants by measuring the fluorescence at 460 nm after the excitation at 400 nm in relative fluorescence units (RFU) by a microplate reader (Synergy H1, BioTek, USA) (Deziel, Comeau and Villemur 2001) .
EPS amount was quantified according to Qin et al. (2009) . Briefly, 200 μl of supernatants reacted with 100 μl of phenol (6%) for 10 min. Next, 500 μl of H 2 SO 4 (98%) was added to the solution, and allowed to react for 20 min. Then OD490 was measured. The absorbance measurements were compared to a standard curve based on glucose content.
The LPS contents of the supernatants were estimated by a chromogenic endotoxin-specific assay with Limulus amebocyte lysate (LAL) coagulation enzyme (Hycult Biotech, Japan). According to Lin et al. (2007) , 1 ng/ml of LPS is congruent with 0.78 (endotoxin unit) EU/ml of LAL.
AI-2 of single and mixed culture of E. coli supernatants was determined by the bioluminescent method (Surette and Bassler 1998) . Vibrio harveyi strains BB170 (luxN::Tn5, sensor AI-2) and BB152 (luxL::Tn5, AI-2 producer) were used for E. coli AI activity assays and were kindly provided by Dr B. L. Bassler. Briefly, the overnight culture of V. harveyi BB170 (AB medium) was diluted 1:5000. The cell-free supernatants (10%) were added to the diluted BB170 cells (90%). Positive and negative controls were cellfree supernatant from V. harveyi BB152 and AB medium, respectively (Bassler, Wright and Silverman 1994) . Bioluminescence of each sample was measured by a microplate reader (Synergy H1, BioTek) after 5-h incubation. AI-2 activity in supernatants was expressed as a percentage of specific bioluminescence (relative light unit divided by OD600) induction of the V. harveyi BB170 reporter strain compared to positive control (100%).
Microbial killing assay
Microbial killing assay was performed as described previously (Atosuo and Lilius 2011) 
Chemiluminescence assay
Neutrophils were pre-incubated with bacterial supernatants as described above. Twenty microliters of priming neutrophils (1 × 10 6 cell ml −1 ) were mixed with 220 μl of reaction mixture (180 μl luminol (1 mM), 40 μl of Hanks' saline-spontaneous ROS production; 180 μl of luminol (1 mM), 20 μl of E. coli K12 (1 × 10 7 cell ml −1 ) for opsonization 20 μl of serum pool (50% solution in 0.89% NaCl)-stimulated ROS production) in the 96-well plate. The chemiluminescence was continuously monitored for up to 60 min at 37
• C using a microplate reader (Synergy H1, BioTek).
Neutrophil supernatant preparation
Evaluation of neutrophil enzyme and cytokine secretion was performed in neutrophil supernatants. Neutrophils (1 × 10 7 cell ml −1 ) were incubated with RPMI, LB, LB with PCN (80 μM), single species and mixed culture supernatants of E. coli and P. aeruginosa (200 μl) in a CO 2 incubator at 37
• C for 1 h. Supernatants were removed, neutrophils were incubated in 1 ml of RPMI medium supplemented with 2 mM of L-glutamine (SigmaAldrich, Germany), 40 μg/ml of gentamicin (Sigma-Aldrich, USA), 10% fetal bovine serum (Sigma), 10 mM HEPES (ICN Pharmaceuticals, USA) in a CO 2 incubator for 18 h at 37
• C. Then neutrophils were centrifuged for 10 min at 200 × g, the supernatants were collected and frozen at -20
• C until analysis.
Neutrophil enzyme assay
Neutrophil supernatants were thawed at 20
• C. Activity of MPO in neutrophil supernatants was investigated using the chromogenic peroxidase substrate o-phenylenediamine dihydrochloride (Sigma) according to the manufacturer's instructions. The reaction was stopped with 10% H 2 SO 4 and was read at 450 nm by a microplate reader (Synergy H1, BioTek). Cathepsin G activity was investigated using N-Benzoyl-L-tyrosine ethyl ester hydrochloride (Sigma) dissolved in methanol. Optical density was investigated at 256 nm for 5 min. Results are presented as unit ml −1 using the Beer-Bouguer-Lambert (Extinction) law.
IL-1β, IL-6, TNF-α production analysis
Neutrophil supernatants were thawed and analyzed by ELISA using commercially available kit for IL-1β, IL-6 and TNF-α cytokines (Vector Best, Russia). The standard curve composed of correspondent cytokine standards was used according to the manufacturer's instructions. Analysis was performed by a microplate reader (Synergy H1, BioTek).
Apoptosis assay
Neutrophils apoptosis was done according to Ramos et al. (2010) 
Statistical analysis
Data are expressed as means ± standard error of the mean of at least three independent experiments. Statistical analysis was performed using Student's paired/non-paired t-test. A P value of less than 0.05 was considered significant. Regression analysis was performed by using Spearman's correlation coefficients (r).
A P-value of less than 0.05 was considered significant. 
RESULTS
PA and Escherichia coli K12 growth in single species and mixed culture
After 10 h of co-cultivation, the relative abundance of PA ATCC (predominant biofilm form of existence) and E. coli K12 was 3:1 (PA: 3.05 × 10 9 cfu ml −1 , E. coli: 1.0 × 10 9 cfu ml −1 ). The growth of E. coli K12 was stimulated by co-cultivation with 'planktonic' PA 9-3 (species ratio was 1:2; PA: 1.1 × 10 9 cfu ml −1 , E. coli:
2.3 × 10 9 cfu ml −1 ). In the first two cases, the bacteria number of both species in the mixed culture increased two to ten times compared to the single species cultures. Conversely, the amount of PA BALG with the greatest biofilm-forming ability decreased in the mixed culture, while that of E. coli K12 did not change (species ratio was 1:10; PA: 2.1 × 10 7 cfu ml −1 , E. coli: 2.0 × 10 8 cfu ml −1 ).
Level of PCN, pyoverdine, EPS, LPS and AI-2 in bacterial supernatants
To simplify the multicomponent system of mixed cultures of E. coli and P. aeruginosa, the interaction of bacterial cells and neutrophils was excluded from the study. The impact of acellular mixed culture exometabolites on neutrophils was studied. We used pure PCN and bacterial supernatants of single species and mixed cultures of PA and E. coli K12 where PCN concentrations were different (0-80 μM) but comparable with that in human biotopes (Wilson et al. 1988) . Then the contents of pyoverdine (another PA exoproduct), LPS, EPS (PA and E. coli exoproducts) and AI-2 (E. coli exoproduct) were estimated (Table 1). According to our observations, PA ATCC supernatant had higher level of PCN in comparing to clinical PA BALG and PA 9-3 ones. The concentrations of PCN in mixed culture supernatants of PA ATCC and PA BALG ('biofilm' strains) with E. coli were higher when compared to that in single culture. It was shown the higher level of pyoverdine in supernatant of PA BALG in comparing to that of other two strains. Mixed supernatants of E. coli with 'biofilm' PA BALG and PA ATCC had higher concentration of LPS and EPS, respectively, than any other ones. The concentrations of pyoverdine and LPS in mixed culture supernatants of clinical strains PA BALG and PA 9-3 with E. coli K12 were lower when compared to that in single culture. Activity of AI-2 (interspecies signal) of E. coli K12 was higher in mixed culture supernatants with 'biofilm' PA ATCC and PA BALG. So different level of PA and E. coli K12 exoproducts was detected in single species and mixed culture supernatants due to interspecies relationships.
Effect of PA and Escherichia coli mixed culture supernatants on microbial killing by human neutrophils
As seen from Fig. 1 
Effect of PCN and mixed culture supernatants of PA and Escherichia coli on ROS production of human neutrophils
There was no significant decrease in spontaneous ROS production of neutrophils after PCN treatment prior to stimulation by opsonized bacteria. Data in Fig. 2A and B show a significant decrease (P < 0.05) in ROS production for PCN-and supernatanttreated neutrophils when compared with respective unexposed neutrophils. ROS production of mixed culture supernatants of 'planktonic' PA 9-3 with E. coli K12 treated neutrophils decreased as compared to supernatants of PA 9-3 alone (low level of PCN and pyoverdin) and similar to supernatants of E. coli K12. Regression analysis showed that there was a positive correlation between ROS production of neutrophils and pyoverdin (r = 0.57, P ≤ 0.05), AI-2 (r = 0.74, P ≤ 0.05), PCN (r = 0.86, P ≤ 0.05) level of single species and/or mixed culture supernatants of PA and E. coli K12. 
Effect of PA and Escherichia coli mixed culture supernatants, pure PCN in MPO and cathepsin G release by human neutrophils
Data in Fig. 3A show significantly increased extracellular MPO content for PCN and supernatants of E. coli K12 (high level of LPS), 'biofilm' PA ATCC (high level of EPS), PA BALG (highest level of LPS and pyoverdine, EPS) and their mixed culture treated neutrophils compared with unexposed control. There was a significant decrease in extracellular MPO content of neutrophils exposed to PA BALG mixed culture supernatant with lower level of EPS and pyoverdine, compared with PA BALG single species supernatant. Supernatants of 'planktonic' PA 9-3 with low PCN, pyoverdine and LPS content did not affect MPO release by human neutrophils. There was a positive correlation between pyoverdin (r = 0.32, P ≤ 0.05), EPS level (r = 0.68, P ≤ 0.05) in supernatants and MPO release by neutrophils. Exposure of human neutrophils to PCN, PA ATCC single species and mixed culture supernatants, and PA 9-3 mixed culture supernatants with different PCN level (1.6-82.8 μM) did not significantly affect the cathepsin G release or even decreased it (E. coli K12, PA BALG, PA 9-3 single species culture supernatants) regardless of 'biofilm' or 'planktonic' forms of existence. Regression analysis showed that the presence of EPS in all bacterial supernatants induced the enzyme secretion (r = 0.58, P < 0.05).
Effect of PA and Escherichia coli mixed culture supernatants on cytokine release of human neutrophils
To access secondary but important regulatory role of neutrophil during the inflammation, the question of whether cell-free bacterial supernatant and PCN influenced the presence of inflammatory cytokines (IL-1β, IL-6 and TNF-α) in neutrophil incubation medium was elucidated. Results showed that when human neutrophils were exposed to pure PCN, only TNF-α secretion was significantly reduced when compared to control (Table 2 ). Supernatants of E. coli K12 significantly diminished IL-1β, IL-6 and TNF-α secretion by neutrophils; there was a positive correlation between AI-2 activity of mixed culture supernatants and IL-1β release (r = 0.48, P < 0.05).
IL-6 secretion by neutrophils was higher after the treatment by clinical PA BALG and PA 9-3 supernatants with lower level of PCN treatment, compared with unexposed control. But all mixed culture supernatants significantly diminished IL-6 secretion, and mixed culture supernatants of PA BALG and PA 9-3 significantly diminished IL-1β secretion when compared with own single species culture supernatants. PA ATCC supernatants with 43.4 μM of PCN decreased only TNF-α secretion similar to the effect of pure PCN, and supernatant of mixed culture increased TNF-α release by neutrophils that is opposite to the influence of other PA strain supernatants on cytokine release. Regression analysis revealed that LPS of PA and E. coli K12 supernatants induced IL-1β and IL-6 neutrophil secretion (r = 0.36, P < 0.05; r = 0.43, P < 0.05 respectively).
Effect of clinical 'biofilm' and 'planktonic' PA and Escherichia coli mixed culture supernatants on apoptosis of human neutrophils
To analyze apoptosis induction, neutrophils were exposed to pure PCN or supernatants of reference and clinical PA and E. coli K12 with different exoproducts' composition for 1 and 4 h ( Fig. 4A and 4B ). All PA supernatants significantly increased apoptosis (early stage) of neutrophils when compared with control or PCN treated ones after 1 h. Data in Fig. 4B show that after the treatment of neutrophils by clinical 'biofilm' PA BALG and 'planktonic' PA 9-3 mixed supernatants, the number of viable cells decreased while the number of late apoptotic cells increased in comparing with respective PA single species cultures, which is opposite to mixed supernatants of reference PA ATCC. We found that PCN of single species and mixed supernatants of PA with E. coli K12 contributed to early stage of apoptosis and prevented late apoptosis of neutrophils (r = 0.36, P < 0.05; r = −0.46, P < 0.05, respectively).
DISCUSSION
Little is known about the host response upon coinfection of PA with other bacteria. Especially it is important owing to that chronic infections caused by PA and other microorganisms are associated with biofilms, which protect bacteria against the host killing mechanism due to difficulty of immune cells (neutrophils, macrophages, etc.) to directly contact with bacterial Figure 3 . Quantification of secretory MPO (A) and cathepsin G (B) in neutrophil supernatants after 1 h treatment with PCN (80 µM) and single species and mixed culture supernatants of E. coli and PA (n = 6). = -significant differences with respect to control at p ≤ 0.05. # -significant differences between variants of supernatants at p ≤ 0.05. cells (Gennip et al. 2012) . In this situation, bacterial extracellular products can mediate the interaction of bacteria and host immune cells (Jesaitis et al. 2003; Kuznetsova et al. 2015) , but the latter may be modified significantly depending on biofilm or planktonic form of bacteria existence. In this study, we provide further evidence supporting this point of view with additional context of different influence of single species and mixed culture exoproducts of clinical 'biofilm' and 'planktonic' PA and Escherichia coli. It is obvious that co-cultivation of two species influences cfu of bacteria as compared to single species culture that is shown previously (Kuznetsova et al. 2013) and therefore the amount of bacterial products in the supernatants. But there was no correlation between the number of bacterial cells and the level of exometabolites in a mixed culture of different PA strains reported here which is obviously due to using the bacterial supernatants from plankton part of mixed culture, not including biofilm cells. It is one of possible reasons that cfu counting does not always allow predicting the severity of developing mixed infection. So, we consider that the comparison of mixed and single species supernatant effects on neutrophil functions allows elucidating the Table 2 . Effect of PCN (80 μM) and single species and mixed culture supernatants of E. coli and P. aeruginosa on cytokine release by human neutrophils (n = 6); PCN-pyocyanin 80 μM.
Supernatants
IL-1β, pg/ml −1 IL-6, pg/ml −1 TNF-α, pg/ml
Control 1 32.4 ± 4.8 18.1 ± 1.7 16.8 ± 0.5 PCN 2 28.0 ± 3.4 17.0 ± 1.9 15.4 ± 0.7 p (1-2) < 0.05 E. coli K12 3 27.6 ± 4.0 14.5 ± 4.5 15.2 ± 0.6 p (1-3) < 0.05 p (1-3) < 0.05 p (1-3) < 0.05 P. aeruginosa ATCC 4 24.2 ± 2.0 18.2 ± 3.3 15.2 ± 0.6 p (3-4) < 0.05 p (2-4) < 0.05 p (1-4) < 0.05 p (3-4) < 0.05 E. coli K12 + 5 28.0 ± 4.9 11.2 ± 0.8 17.0 ± 1.1 P. aeruginosa ATCC p (4-5) < 0.05 p (4-5) < 0.05 P. aeruginosa BALG 6 32.1 ± 4.4 21.6 ± 2.9 16.4 ± 0.9 p (3-6) < 0.05 p (1-6) < 0.05 p (2-6) < 0.05 p (2-6) < 0.05 p (3-6) < 0.05 p (3-6) < 0.05 p (4-6) < 0.05 E. coli K12 + 7 25.2 ± 3.7 9.4 ± 1.4 16.7 ± 0.5 P. aeruginosa BALG p (6-7) < 0.05 p (6-7) < 0.05 P. aeruginosa 9-3 8 33.4 ± 6.4 23.2 ± 1.5 16.7 ± 0.6
17.9 ± 1.0 7.1 ± 0.1 16.9 ± 0.5 P. aeruginosa 9-3 p (1-9) < 0.05 p (8-9) < 0.05 p (8-9) < 0.05 difference in development of single or mixed species infection on the same inflamed site.
The exotoxin PCN is an important virulence factor of PA, and its induction through quorum signaling correlates with biofilm growth stage. Increased PCN production of PA with other bacteria (Kluge et al. 2012 ) is consistent with our study as PCN level in mixed culture of PA ATCC and PA BALG with commensal E. coli K12 was two to fourtimes higher than that in single species cultures and reached 80 μM. But these results are opposite to our previous ones (Kuznetsova et al. 2013; Kuznetsova et al. 2015) which as we supposed is due to higher level of PCN in supernatants (more than 150-300 μM) that strongly inhibited commensal E. coli growth. Supernatants of PA and E. coli with PCN less than 2 μM significantly decreased, while that with PCN 40-80 μM significantly increased the microbial killing by neutrophils. One possible explanation for this is that under aerobic conditions, PCN can cross biological membranes, directly oxidizes reduced nicotinamide adenine dinucleotide phosphate (NADPH) and glutathione in the host cell cytoplasm, and donates accepted electrons to oxygen molecules to produce superoxide anions and ROS (Usher et al. 2002; O'Malley et al. 2004; Prince et al. 2008; , which is important for intracellular killing of bacteria. Therefore, persistence of 'planktonic' PA strains in mixed culture in inflamed site, when PCN level is low, is possible only with commensal E. coli which according to our research is able to inhibit the host killing mechanisms.
Extracellular ROS production of neutrophils was significantly decreased after pure PCN (80 μM) treatment, which is in accordance to previous research (Muller and Sorrell 1997) . However, 'planktonic' PA 9-3 supernatants with low PCN level like supernatant of commensal E. coli also decreased neutrophil antimicrobial defense according to ROS production. The observed positive correlation between PCN concentration in supernatants and neutrophil ROS production is likely due to induction of ROS by other supernatant components such as pyoverdin of PA and LPS of both strains as was previously shown (Becerra, Eraso and Albesa 2003) . The decrease in pyoverdin level reported here following mixed cultivation of 'biofilm' PA ATCC and PA BALG with E. coli may be due to PA possibility to import enterobactin, a siderophore of E. coli that is more stable and have higher affinity to the ferric iron compared to pyoverdine (Poole, Young and Neshat 1990; Cézard, Farvacques and Sonnet 2015) . Since neutrophil-gelatinase-associated lipocalin (NGAL) specifically scavenges bacterial siderophore enterobactin, but not pyoverdine of PA (Peek et al. 2012) , 'biofilm' opportunistic pathogens even in mixed culture with commensal E. coli may evade neutrophil defensive responses.
Observed for the first time AI-2 activity in mixed culture supernatants of PA and E. coli positively correlated with neutrophil microbial killing and ROS production. Although recently it has been shown that AI-2, signal of interkingdom and interspecies communication produced by E. coli, influences the eukaryote cell function (Zargar et al. 2015) , we consider that established link is due to AI-2 activation of PA virulence factors (Ganin, Tang and Meijler 2009 ) such as PCN which is able to modulate neutrophil functions.
Neutrophils can rapidly release MPO by degranulation as well as extrusion of neutrophil extracellular traps in the presence of PA and LPS of E. coli 026:B6 (Jesaitis et al. 2003; Yoo et al. 2014a,b; Haute et al. 2015) . We found that PCN (80 μM) and mixed and single species supernatants of E. coli K12, 'biofilm' PA ATCC (43.4/82.8 μM PCN) and PA BALG (18.4/84.6 μM PCN) without bacteria-neutrophil contact increased MPO release by neutrophils (Fig. 3A) . PA biofilm cells are reported to induce stronger MPO activity of neutrophils when compared with planktonic cells (Mittal et al. 2009b ) that is similar even for cell-free supernatants of 'biofilm' PA BALG and 'planktonic' PA 9-3 reported here (Fig. 3A) . The decrease in MPO activity following neutrophil exposure to mixed culture supernatants of PA BALG and E. coli K12 may lead to diminishing of oxidative tissue destruction in inflamed site that cumulatively contribute to bacterial persistence at coinfection with commensal strains.
It is known that Pseudomonas is very susceptible to nonoxidative PMN-mediated killing by cationic, antibacterial peptides (Speert et al. 1994) , such as cathepsin G. Rivera-Marrero et al. (2004) reported that cat G expression after LPS treatment is completely inhibited, which is similar to data reported here at posttranslational level since there is a negative correlation between LPS level of supernatants of PA with E. coli K12 and soluble fraction of cathepsin G (r = -0.56, P < 0.05). Diminishing of cathepsin G release after E. coli K12, clinical PA BALG and PA 9-3 supernatants' exposure ( Fig. 3B) would negate the antimicrobial influence of neutrophils and facilitate persistent infection. Besides, cathepsin G interacts with surface integrins during the adhesion of neutrophils to immobilized immune complexes, where it promotes integrin clustering, cytoskeletal rearrangements and subsequently the release of neutrophil attracting chemokines (Kessenbrock, Dau and Jenne 2011) .
Neutrophils have secondary but important roles in the innate immune response against Gram-negative bacteria. These roles include the production of inflammatory mediators such as IL-1β, IL-12, IL-6 and TNF-α in response to pathogenic and commensal bacteria (Worku and Morris 2009; Franchi et al. 2012; Patankar, Mabaera and Berwin 2015) . Our study has demonstrated that there is no significant IL-1β secretion by neutrophils after exposure to PA supernatants (Table 2) , since bacteria-neutrophil contact through T3SS is required for mature IL-1β releasing outside the neutrophils (Patankar, Mabaera and Berwin 2015) . Nevertheless, we found that supernatants of E. coli K12 as well as mixed culture supernatants of clinical PA BALG and PA 9-3 significantly diminished IL-1β and IL-6 release by neutrophils (Table 3) which is due to LPS (r = 0.36-0.43, P < 0.05) as powerful cytokine secretion triggers through Toll-like receptor 4 (Sabroe, Dower and Whyte 2005; Lacy and Stow 2011; Haute et al. 2015) . Since recent studies have shown that the expression of NGAL required to limit the bacteria growth is induced by IL-1β and TNF-α (Arena et al. 2010) , we suggest that the presence of commensal E. coli and mixed culture exoproducts that significantly reduce neutrophil cytokine production would promote microbial persistence.
It is of interest that PCN of PA in vivo and in vitro suppressed an acute inflammatory reaction due to rapid neutrophil apoptosis that reduces the local inflammation and promotes bacteria survival (Allen et al. 2005; Prince et al. 2008; Manago et al. 2015) . There is controversial information about the influence of E. coli cells on apoptosis of neutrophils. Escherichia coli DH5α, laboratory E. coli and E. coli K12 strains increase the rate of apoptotic reaction, while E. coli ATCC 15922 decreases it (Brest et al. 2004; Osana et al. 2008; Haute et al. 2015; Kuznetsova et al. 2015) . Our previous study showed that supernatants of PA ATCC already after 30 min enhanced primary necrosis (AnV − /PI + ) without apoptotic death of neutrophils apparently due to highest PCN level (300 μM) (Kuznetsova et al. 2015) that is not comparable to its level in the macroorganism biotopes (Wilson et al. 1988) . In this study, we found that PCN at concentration of 0-80 μM has apoptotic effect (r = 0.36) on neutrophils even with other exoproducts of supernatants of PA and E. coli. The number of early apoptotic neutrophils was higher after neutrophil exposure to 'biofilm' mixed culture supernatants with high level of PCN (PA ATCC with E. coli and PA BALG with E. coli) in comparing with PA single species one (Fig. 4A) . The ratio of different species cells after the co-cultivation is consistent with the PCN effect on concomitant associates growth as PCN displays a broad spectrum of the toxic activity towards prokaryotes enhancing the PA in a highly populated environment (Jimenez et al. 2012) . Apparently, the competition of E. coli K12 in mixed culture with PA ATCC and PA BALG, both of which producing PCN, ultimately increases the number of PA cells in the plankton (PA ATCC) as reported here, or, as shown earlier, in biofilm (PA BALG) (Kuznetsova et al. 2013) . Since recent studies have shown that protein expression of biofilm and planktonic cells of PA is different (Sauer et al. 2002; Kim and Lee 2016) , so we consider that supernatant composition of mixed cultures with 'biofilm' PAs despite that the relative cfu count of both species has led to the development of the type of neutrophil response similar to PA supernatant influence. We suggest that microbial killing by neutrophil exposed to 'biofilm' mixed PA and E. coli K12 supernatants is short term followed by rapid neutrophil apoptosis preventing the bacteria elimination.
Acceleration of the neutrophils apoptosis by mixed culture supernatants of 'planktonic' PA (with lower exoproducts content) was apparently due to prevalence of the commensal strain E. coli K12 cells in supernatants reported here, which probably determined the type of neutrophil response to mixed culture that reminded E. coli K12 influence.
Thus, microbial community of E. coli and PA with both low and high level of PCN in the biotope can accelerate neutrophil apoptosis by different mechanisms, thereby blocking some neutrophil functions (secretion of cathepsin G and proinflammatory cytokines).
CONCLUSION
We consider that our investigation in some way elucidates the problem of microbial persisting, and contribution of commensal strains, which continually challenge the immune system, would significantly diminish eliciting a proinflammatory response due to only bacterial exometabolite production. Mixed supernatants of 'biofilm' (PA ATCC, PA BALG) and 'planktonic' (PA 9-3) PA strains with E. coli K12 differently affected functional neutrophil changes. This investigation demonstrates that commensal strains would modify the manifestation of a proinflammatory response to PA infection.
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